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(54) Plasma display panel suitable for high-quality display and production method 



(57) The first object of the present invention is to 
provide a PDP with improved panel brightness which is 
achieved by improving the efficiency in conversion from 
discharge energy to visible rays. The second object of 
the present invention is to provide a PDP with improved 
panel life which is achieved by improving the protecting 
layer protecting the dielectrics glass layer. To achieve 
the first object, the present invention sets the amount of 
xenon in the discharge gas to the range of 1 0% by vol- 
ume to less than 100% by volume, and sets the charging 
pressure for the discharge gas to the range of 500 to 
760Torr which is higher than conventional charging 
pressures. With such construction, the panel brightness 
increases. Also, to achieve the second object, the 
present invention has, on the surface of the dielectrics 
glass layer, a protecting layer consisting of an alkaline 
earth oxide with (lOO)-face or (110)-face orientation. 
The protecting layer, which may be formed by using 
thermal Chemical Vapor Deposition (CVD) method, 
plasma enhanced CVD method, or a vapor deposition 
method with irradiation of ion or electron beam, will have 
a high sputtering resistance and effectively protect the 
dielectrics glass layer. Such a protecting layer contrib- 



utes to the improvement of the panel life. 
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Description 

BACKGROUND OF THE INVENTION 

5 (1 ) Field of the Invention 

This invention relates to a plasma display panel used as a display device and the method of producing the display 
panel, specifically to a plasma display panel suitable for a high-quality display. 

70 (2) Description of the Prior Art 

Recently, as the demand for high-quality large-screen TVs such as high-vision TVs have increased, displays suit- 
able for such TVs, such as Cathode Ray Tube (CRT), Liquid Crystal Display (LCD), and Plasma Display Panel (PDP), 
have been developed. 

'5 CRTs have been widely used as TV displays and excel in resolution and picture quality However, the depth and 

weight increase as the screen size increases. Therefore. CRTs are not suitable lor large screen sizes exceeding 40 
inch. LCDs consume a small amount of electricity and operate on a low voliage However, producing a large LCD 
screen is technically difficult, and the viewing angles of LCDs are limited 

On the other hand, it is possible to make a PDP with a large screen with a short depth, and 40-inch PDP products 
20 have already been developed. 

PDPs are divided into two types: Direct Current (DC) and Alternating Cununt (AC). Currently, PDPs are mainly 
AC-type since they are suitable for large screens. 

Fig. 1 is a sectional view of a conventional AC PDP. In the drawing Ironi cover plalc 1, with display electrodes 2 
put thereon, is covered by dielectrics glass layer 3 which is lead gkiss namely PbO B 2 0 3 Si0 2 glass. 
25 Set on back plate 5 arc address electrode 6, partition walls 7, and fluorescent cubcUjncc layer 8 consisting of red, 

green, or blue ultraviolet excited fluorescent substance. Discharge gas is charged in discharge space g which is sealed 
with dielectrics glass layer 3, back plate 5, and partition walls 7. 

The discharge gas is generally helium (He), xenon (Xe), or mixture ol neon (No) and Xe. The amount of Xe is 
generally set to a range from 0.1 to 5% by volume, preventing the drive voltage of Iho circuit from becoming too high. 
30 Also, the charging pressure of the discharge gas is generally set to a range Irom 100 to 500Torr so that the discharge 

voltage is stable (e x., M. Nobrio, T. Yoshioka, Y Sano, K. Nunomura SID94' Digest. pp727-730, 1994). 
PDPs have the following problems concerning brightness and life. 

Currently, PDPs for 40-42-inch TV screens generally have a brightness ol about l50-250cd/m 2 for National Tele- 
vision System Committee NTSC) standard (number of pixels being 640X480. cell pitch 0 43mmX1 .29mm, square of 
35 one cell 0.55mm 2 ) (Function & Materials, Feb., 1996, Vol.16, No.2, page 7). 

On the contrary, in 42-inch high-vision TVs, number of pixels is 1.920X1 125, cell pitch 0.15mmX0.48mm, and 
square of one cell 0.072mm 2 . This square of one cell is 1/7-1/8 of that of NTSC standard Therefore, it is expected that 
if PDP for 42-inch high-vision TV is made with the conventional cell construction, the screen brightness decreases to 
30-40cd/m 2 . 

40 Accordingly, to acquire, in a PDP used for a 42-inch high-vision TV the same brightness as that of a current NTSC 

CRT (500cd/m 2 ), the brightness of each cell should be increased about 1 2-1 5 limes. 

In these circumstances, it is desired that the techniques for increasing the brightness of PDP cells are developed. 
The light-emission principle in PDP is basically the same as that in fluorescent light: a discharge lets the discharge 
gas emit ultraviolet light; the ultraviolet light excites fluorescent substances; and the excited fluorescent substances 
45 emit red, green, and blue lights. However, since discharge energy is not effectively converted to ultraviolet light and 
conversion ratio in fluorescent substance is low, it is difficult for PDPs to provide brightness as high as that of fluorescent 
lights. 

It is disclosed in Applied Physics, Vol.51, No.3, 1982, pp344-347 as follows, in PDP with He-Xe or Ne-Xe gas, 
only about 2% of the electric energy is used in ultraviolet light, and about 0.2% of the electric energy is used in visible 
so rays (Optical Techniques Contact, Vol.34, No.1 , 1 996, page 25 and FLAT PANEL DISPLAY 96, Parts 5-3, NHK Tech- 
niques Study, 31-1, 1979, page 18). 

Accordingly, to increase light-emission efficiency is considered as important in increasing the brightness of PDP 
cells. 

Now, regarding to the PDP life, the following are generally considered to determine the PDP life: (1 ) the fluorescent 
55 substance layer deteriorates since plasma is confined to a small discharge space to generate ultraviolet light; and (2) 
the dielectrics glass layer deteriorates due to sputtering by gas discharges. As a result, methods for extending the 
fluorescent substance life or preventing the deterioration of dielectrics glass layer are studied. 

As shown in Fig. 1 , in conventional PDPs, protecting layer 4 consisting of magnesium oxide (MgO) is formed on 
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Tom deleriomtfog eC ' riCS ^ ^ ^ ^ * V3CUUm ^ deP ° Siti ° n me,h0d ( ° preVent ,he dielec,rics 9 ,ass ^ 
HoweveH.Td« 

However, it is difficult for magnes.um oxide layer formed by the vacuum vapor deposition method to obtain a protective 
llectron emiUeT 9 SPU,,6rinQ ^ **" * * ^ diSChar9eS deCrease lhe amount of sCndary 

SUMMARY OF THE INVENTION 

It is therefore the first object of the present invention to provide a PDP with improved panel brightness whk* is 
o etnnnvirT 9 ,he H eff tno y " COnVerSi ° n * r ° m diSChar9G 10 Visib,e « is ^ second ob^of he 

^ZSZSZSZX? W,,h imPfOV6d ^ ^ 15 by « - Wer pro- 

To achieve the first object, the present invention sets the amount of Xe in the discharge gas to the ranae of 1 0% 
by volume to less than 100 % by volume, and sets the charging pressure for the discharge gal to the LhTe oflo ,o 
760Torr which ,s higher than conventional charging pressures. With such construction, the panel br£^3h™^ 
The assumed reasons for i, are as fol.ows: the increase in the amount of Xe in the discharge space increases The 
amount of ultraviolet fight emitted; the ratio o, excitation wavelength (1 73nm of wavelength) bfrnSecuia bea^ of £ 

™ ; n 0 t :; tb rr y i ultravio,et ,i9ht increases; and ,his ~ ,he - a ™ «~ 

trrUnnV 0 ^ *«**«<*>***• the P' esen « i™"*™ "as, on the surface of the dielectrics glass layer, a pro- 

tecting layer consist.ng of an alkaline earth oxide with (lOO)-face or (110)-face orientation 

The conventional protecting layer of magnesium oxide formed by vacuum vapor deposition method (electron-beam 

Icion ° HaCeOr(110) ' aCe0ne nta,,omsdcnsc ' hashi 9h sputtering resistance.andcmitsagreatamountofsecondary 

vo.ta A g C eTow in9ly ' ^ PreSen< de,erioration of ,he dielec " ics 9^ layer and keeps the discharge 

Also such eflects are further improved by using thermal Chemical Vapor Deposition (CVD) method or olasma 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features of the invention will become apparent from the following de- 

ss, wi,h ,he a — ing *** — a — t 

Fig.1 is a sectional view of a conventional AC PDP; 

Fig.2 is a sectional view of an AC PDP described in an embodiment of the present invention 
f-ig.3 shows a CVD apparatus used for forming protecting layer 14 
Rg.4 is a graph showing the relation between the wavelength and amount of the ultraviolet light for each charging 
pressure the ultraviolet Ugh. being emitted from Xe in He-Xe gas used as a discharge gas in a PDP 

SenttubW re ' a,i0n b6,Ween eXC " a " 0n WaVelen9,h r6laUVe radiaUOn 6f,iCienCy *° r 6aCh C0lOr °' flU0 " 
Fig.6 is a graph showing relation between charging pressure P of the discharge gas and discharge start voltage 
Vf for two values of d.stance d, d being a distance between dielectrics electrodes in a PDP and 
Emb^nta '° n/eleClr0n b6am irfadialins appara,us which is used ^ forming a protecting layer in the PDP of 

50 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Embodiment 1 ) - 
55 <Structure and Production Method> 

Fig.2 is a sectional view of a discharge PDP of the present embodiment. Though Fig 2 shows only one cell a PDP 
includes a number of cells each of which emits red. green, or blue light. 
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The present PDP includes: a front panel which is made up of front glass substrate 11 with display electrodes 12 
and dielectrics glass layer 13 thereon; and a back panel which is made up of back glass substrate 15 with address 
electrode 16, partition walls 17, and fluorescent substance layer 18, the front panel and back panel being bonded 
together. Discharge space 19, which is sealed with the front panel and back panel, is charged with a discharge gas. 
s The present PDP is made as follows. 

Producing the Front Panel 

The front panel is made by forming display electrodes 12 onto front glass substrate 11 , covering it with dielectrics 
10 glass layer 1 3, then forming protecting layer 14 on the surface of dielectrics glass layer 13. 

In the present embodiment, discharge electrodes 1 2 are silver electrodes which are formed by transferring a paste 
for the silver electrodes onto front glass substrate 11 with screen printing then baking them. Dielectrics glass layer 13, 
being lead glass, is composed of 75% by weight of lead oxide (PbO), 15% by weight of boron oxide (B 2 0 3 ), and 10% 
by weight of silicon oxide (Si0 2 ). Dielectrics glass layer 13 is also formed with screen printing and baking. 
*5 Protecting layer 14 consists of an alkaline earth oxide with (100)-face orientation and is dense. The present em- 

bodiment uses a CVD method (thermal CVD method or plasma enhanced CVD method) to form such a dense protecting 
layer consisting of magnesium oxide with (lOO)-face orientation. The formation of the protecting layer with the CVD 
method will be described later. 

20 Producing the Back Panel 

The back panel is made by transferring the paste for the silver electrodes onto back glass substrate 1 5 by screen 
printing then baking back glass substrate 15 to form address electrodes 16 and by attaching partition walls 17 made 
of glass to back glass substrate 15 with a certain pitch. Fluorescent substance layer 18 is formed by inserting one of 
25 a red fluorescent substance, a green fluorescent substance, a blue fluorescent substance into each space surrounded 
by partition walls 17. Any fluorescent substance generally used for PDPs can be used for each color. The present 
embodiment uses the following fluorescent substances: 

red fluorescent substance (Y x Gd 1 . x )B0 3 : Eu 3+ 
30 green fluorescent substance BaAI 12 0 19 : Mn 

blue fluorescent substance BaMgAI 14 0 23 : Eu 2+ 

Producing a PDP by Bonding Panels 

35 a PDP is made by bonding the above front panel and back panel with sealing glass, at the same time excluding 

the air from discharge space 1 9 partitioned by partition walls 1 7 to high vacuum (8X10 _7 Torr), then charging a discharge 

gas with a certain composition into discharge space 19 at a certain charging pressure. 

In the present embodiment, cell pitch is under 0.2mm and distance between electrodes "d" is under 0. 1 mm, making 

the cell size of the PDP conform to 40-inch high-vision TVs. 
40 The discharge gas is composed of He-Xe gas or Ne-Xe gas, both of which have been used conventionally. However, 

the amount of Xe is set to 10% by volume or more and the charging pressure to the range of 500 to 700Torr. 

Forming the Protecting Layer with the CVD Method 

45 Fig. 3 shows a CVD apparatus used for forming protecting layer 14. 

For the CVD apparatus, either of the thermal CVD method and plasma enhanced CVD method is applicable. CVD 
apparatus 25 includes heater 26 for heating glass substrate 27 (equivalent to front glass substrate 11 with display 
electrodes 1 2 and dielectrics glass layer 1 3 as shown in Fig.2). The pressure inside CVD apparatus 25 can be reduced 
by venting apparatus 29. CVD apparatus 25 also includes high-frequency power 28 for generating plasma in CVD 

50 apparatus 25. 

Ar-gas cylinders 21a and 21 b supply argon (Ar) gas, which is used as a carrier, to CVD apparatus 25 respectively 
via bubblers 22 and 23. 

Bubbler 22 stores a metal chelate of alkaline earth oxide used as the source and heats it. The metal chelate is 
transferred to CVD apparatus 25 when it is evaporated by the argon gas blown on it through Ar-gas cylinder 21a. 
55 Bubbler 23 stores a cyclopentadienyl compound of alkaline earth oxide used as the source and heats it. The 

cyclopentadienyl compound is transferred to CVD apparatus 25 when it is evaporated by the argon gas blown on it 
through Ar-gas cylinder 21b.. 

Oxygen cylinder 24 supplies oxygen (0 2 ) used as a reaction gas to CVD apparatus 25. 



5 



EP 0 779 643 A2 



the dil^Tc' Perf T med V T ,h PreSent CVD appara,US ' 9lass subs,ra,e 27 is P ut on heating unit 26 with 
he dielectrics glass layer on glass substrate 27 to be healed with a certain temperature f350 to 400°r q PP t^n?? 
•HEATING TEMPERATURE FOR GLASS SUBSTRATE",. At the same time. 

reduced by venting apparatus 29 (by about several tens Torr) container is 

th» c BUbb ' e , r 22 ° f 23 iS US6d '° h6at ,he metal Chebte or cy^opentadienyl compound of alkaline earth oxide used as 
2 b£E£LlST ,6 7r ,Ure (S , 6e Tab ' e " TEMPERATUf * OF BUBBLER-). At the same'me A qa s s Sen 
to bubbler 22 or 23 through Ar-gas cylinder 21a or 21b and oxygen is sent through cylinder 24 

The metal chelate or cyclopentadienyl compound reacts with oxygen in CVD apparatus 25 to form a protect™ 
layer cons.stmg of an alkaline earth oxide on the surface of glass substrate 27 protecting 

that of SeTa? CVD^^T^'T PreSen ' CV ° aPPara,US ' the proCedure is almosl the » 

mat ot the thermal CVD descr.bed above. However, glass substrate 27 is heated by heating unit 26 with temperature 

ranging from 250 to 300X (See Table 1 . "HEATING TEMPERATURE FOR GLASS SUBSTRATE") M the sa^mrfime 

the pressure ,n the reaction container i, reduced to about lOTorr by venting apparatus 29 Under the d^ZSl" 

a protecting layer cons.s.ing of an alkaline earth oxide is formed by driving high-frequency powe 28 c ape hS' 

frequency electric field of 13.56MHz. generating plasma in CVD apparatuses PP * 9 

Conventionally, the thermal CVD method or plasma enhanced CVD method has not been used for formino a 
protecting layer. One of the reasons for not using these methods ,s tha, no appropnate source Tor these me th^d was 
no, found. The present inventors have made i, possible to form a proving ,aycr with the thSro^nS^ 
plasma enhanced CVD method by using the sources described below e inermai CVD method or 

The source (melal chelate or cyclopentadienyl compound) supplied through bubblers 22 and 23: 

alkaline earth dipivaloylmethane compound MfCuH^O^, 

alkaline earth acetylacetone compound M(C 5 H 7 0 2 ) 2 , 

alkaline earth trifluoroacetylacetone compound M(CsH s F 3 0 2 ) 2 and 

alkaline earth eye lopentadieno compound M(C 5 H 5 ) 2 . where "M" represents an alkaline earth element. 

dipJaCmeZlX^'rof a ™ nB ~* iS Th — "» sources are as follows: magnesium 

dip.valoyl methane ^nH^fe magnes,um acetylacetone Mg(C s H 7 0,, 2 . magnesium trifluoroace.ylaceLe Mg 
,0 5 H 5 h 3 0 2)2- and cyclopentadienyl magnesium Mg(C s H 5 ) 2 9 

of ,h! h l P, . 0leC,i T ye L ,0rm6d ' hermal CVD m6,h0d ° f P ' as ™ cnhancGd CVD method allows the crystals 

jJwj^SSi^""* 8 10 9f0W S ' 0Wly ,0 f0fm 3 d6nSe Pr0,eC " n9 ^ °' - alkali - earth oxLCh 

Effects of Protecting Layer of Magnesium Oxide with (100)-Face Orientation 

eJtZ^^S^ T ?l ^ ^ by VaCUUm Vapor depositlon meth ° d (electron-beam 

and 6 Tn IZ 5? r ("Distal-face onentation according to X-ray analysis (See No.15 in Table 2 and Nos 67 

,he pro,ec,in9 layer of a ma9nesium ° xide w " h < 1 o °h- ~ 

2!^ ,3fS U m ° Xide Wi,h (10 ° HaCe ° rien,a,i0n fedUCeS drivin 9 vol,a 9 e of p DP and .mproves panel brightness 
since it has a large emission coefficient (y value) of secondary electron ""gniness 

(3) The magnesium oxide with (ill )-face orientation tends to react with the water content in the air to lorm hv 
drones since ,t orms faces with the highest surface energy among a variety of .aces with 

Techniques, VoUl , No.4, 1 99<1 page 50 and Japanese Laid-Open Patent App.icata No.5-34299™ Zlol7 
magnesium oxide w,th (111) . Iace orj en.a«ion has a problem that ,he formed hydioxides decompo e du^ d L 
charge and reduce the amount of the emission of secondary electron. On the other hand, the protecZLer of 
a magnesium oxrde wrth (100)-face orientation is to a large extent immune to this problem 

(4) The magnesium oxide with (111)-face orientation has a heat resistance of up to 350°C On the other hand 
since t he protecting layer of a magnesium oxide with (100)-face oriental has a higher hea, rlsis^nc he i 
5?rr IT Carr ,' , OU ' T 3 ,empCrature of about 450 °C when tho front cover plate and he back plate are bonded 

fo^aral^irrort 9 " " ^ ^ ^ °< panetfs 

These characteristics and eflecls are especially noticeable in the protecting layer of a magnesium oxide with d 001 
face onentation formed with the thermal CVD method or P .asma enhanced CVD method. 
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Relation between Xe Amount, Charging Pressure, and Brightness 

The panel brightness improves by setting the amount of Xe in the discharge gas to 10% by volume or more and 
by setting the charging pressure for the discharge gas to the range of 500 to 760Torr. The following are considered to 
be the reasons. 

5 

(1) Increase in the Amount of Ultraviolet Light 

Setting the amount of Xe in the discharge gas to 10% by volume or more and setting the charging pressure for 
the discharge gas to the range of 500 to 760Torr increase the amount of Xe in the discharge space, raising the amount 
io of ultraviolet light emitted. 

(2) Improvement in Conversion Efficiency of Fluorescent Substance with Shift of Ultraviolet Light to Longer Wavelength 

Conventionally, Xe emitted ultraviolet light mainly at 147nm (resonance line of Xe molecule) since the amount of 
*5 Xe in the discharge gas was set to 5% by volume or less and the charging pressure for the discharge gas to less than 
500 Torn However, by setting the amount of Xe in the discharge gas to 10% by volume or more and by setting the 
charging pressure for the discharge gas to the range of 500 to 760Torr, ultraviolet light emission at I73nm (molecular 
beam of Xe molecule), being a long wavelength, increases, improving the conversion efficiency of fluorescent sub- 
stance (see a material published by Plasma Study Group in Electrical Engineers of Japan, May 9, 1995). 
20 The above reason will be backed up by the following description. 

Fig. 4 is a graph showing the change in relation between the wavelength and amount of the ultraviolet light for each 
charging pressure, the ultraviolet light being emitted from Xe in He-Xe gas used as a discharge gas in a PDP. This 
graph is introduced in O Plus E, No. 195, 1996, page 99. 

It is apparent from Fig.4 that if charging pressure is low, Xe emits ultraviolet light mainly at 147nm (resonance tine 
2S of Xe molecule) and that as the charging pressure increases, the ratio of ultraviolet light emission at 1 73nm increases. 

Figs.5(a)-(c) show relation between excitation wavelength and relative radiation efficiency for each color of fluo- 
rescent substance. This graph is included in O Plus E, No.195, 1996, page 99. It is apparent from this drawing that 
the relative radiation efficiency is higher at 1 73nm ol wavelength than at 1 47nm for every color of fluorescent substrate. 
Relation between Discharge Gas Charging Pressure, Distance "d" between Discharge Electrodes, and Panel Driv- 
30 jng Voltage 

The amount of Xe in the discharge gas and the charging pressure for the discharge gas are set to higher levels 
in the present embodiment. However, generally, this is considered to bring an inconvenience in that the PDP driving 
voltage increases since discharge start voltage "Vf " increases as the amount of Xe in the discharge gas or the charging 
pressure increases (see Japanese Laid-Open Patent Application No.6-342631 , column 2, pp 8-1 6 and 1 996 Electrrical 
35 Engineers of Japan National Conference Symposium, S3-1, Plasma Display Discharge, March, 1996). 

However, such an inconvenience does not always occur. As is described below, the driving voltage may be low 
even if the charging pressure is set to a high level if distance "d n between discharge electrodes is set to a comparatively 
small value. 

As described in Electronic Display Device, Ohm Corp., 1984, pp 113-114, the discharge start voltage Vf may be 
40 represented as a function of P multiplied by d which is called the Paschen's Law. 

Fig.6 shows relation between charging pressure P of the discharge gas and discharge start voltage Vf for two 
values of distance d:d- 0.1mm; and d = 0.05mm. 

As shown in this graph, discharge start voltage Vf corresponding to charging pressure P of the discharge gas is 
represented by a curve including a minimum. 
45 Charging pressure P, being equal to the minimum, increases as d decreases. The curve of graph "a" (d-0.1mm) 

passes through the minimum at 300Torr, the curve of graph "b" (d=0.05mm) at 600Torr. 

It is apparent from the above description that an appropriate value corresponding to distance d between discharge 
electrodes should be set as the charging pressure in order to keep PDP driving voltage low. 

Also, it is possible to say that if distance d between discharge electrodes is set to 0. 1 mm or less (desirably to about 
50 0.05mm), PDP driving voltage is kept low even if the charging pressure for the discharge gas is set to the range of 500 
to 760Torr. 

As is apparent from the above description, the PDP of the present embodiment shows high panel brightness since 
the amount of Xe in the discharge gas is set to 10% by volume or more and the charging pressure for the discharge 
gas is set to the range of 500 to 760Torr. Also, the driving voltage of the PDP of the present embodiment is kept low 
55 since distance d between discharge electrodes is set to 0.1mm or less. Furthermore, the PDP of the present embod- 
iment has a long life since it includes a protecting layer of a dense magnesium oxide with (100)-face orientation which 
shows good effects in protection. 
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<Examples 1-9> 



015mm. and distance d between dischlge e^rls 12 o 05mm ^ Parti ' i0n ^ ? (Ce " Pi,Ch > 

dissolving 10% ethyl cellulose in a-terpine^^ ° X ' de (Si ° 2 »' and or 9 anic bi "der (made by 

and baking ,he m for 10 minutes a, sTc Jh Si knltoTdil ["^ ^ electrad *s 12 by screen printing" 

The ralio of He to Xe in the discharoe olsVnri ,hn k " 9 ' aSS ' ayer 1 3 was set 10 20 M m 

ratio o, He in the discharge gaf^as S e a„ S '? T 891 35 Shown in Table 1 «« the 

Pressure far the discharge ga^ was se, to li^^Srj^ £ S^ST" ? 9 "* ^ ^ 

(C„ H 19 0 2)2 was used as the source for Examples 2 T nn o °' ma 9 nesium dipivatoyl methane Mg 

amp* 3 and 4, and cydopen.adieny, magnelm 4 c 5 H 5 ) 2 To r ^ZTZT^™ ** EX " 

^^^^^ 

minute" with STK ra^'S ^ZnZ "T" ^ ^ «™ "** °« 1 ^ ' ** «e 

nesium oxide protecting layer to 1 O^m * 9 W8S adjUSled ,0 1 °^ min - «» thickness ol mag- 

f0 r 0 :~: a t ^ 

forming speed was adjusted to 8PP ' ied f ° r ° ne mlnute <•* 300W. Also, the "ayer 

With the X-ray analysis of the prot^no |Lo f n, T ™ 9neSIUm oxlde P"***^ 'ayer to 0.9 K m. 

{Embodiment 2} 

The overall structure and production method of lh P PDP of th Q „ . 
bodiment 1 except that a dense protecting layeTconitino 1 ' -bodimen. is the same as .ha. of Em- 
with a printing method shown below. y nnasnesium 0Xld e with (100)-face orientation is formed 

<Forming of Protecting Layer with Printing Method> 

nesiursr Pa rj^ 

ThemagnesiumsaltswithapSe sSScl, ? ' el6C,riCS 9 ' aSS layerand bakin 9 il 
hydroxide (Mg ( OH) 2 ), magnesium oxa^ 

scribed below in Examples 10-14 4 production methods of these magnesium salts are de- 

<Examples 10-15> 



? were set in 



.ha ™ » y TpoP ExaCaf, r 5 ^ M ' ™ M <*»"» " erodes , 2 , 

ox.la.a aq««^ sokuion to ITg^i j^" 1 """ aquaous soMon ,„ mate m , 9 ™si u m 

a™— ZLTn?^ 
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Each of the magnesium salts with a plate-shaped crystal structure made as described above was mixed with an 
organic binder (made by dissolving 10% ethyl cellulose in 90% by weight of terpineol) by using a three-roller mill to 
establish a paste, then the paste was transferred onto the dielectrics glass layer by screen printing with a thickness of 
3.5um. 

s After baking each of these for 20 minutes at 500°C, a protecting layer consisting of magnesium oxide with a 

thickness of about 1.7|am was formed. 

With the X-ray analysis of the protecting layers of Examples 10-14, which had been formed as described above, 
it was confirmed for each Example that the crystals of magnesium oxides had (100)-face orientation. 

For Example 15, a protecting layer was formed by the vacuum vapor deposition method, that is, by heating mag- 
10 nesium oxide with electron beam. With the X-ray analysis of the protecting layer, it was confirmed that the crystals of 
magnesium oxides had (111 )-face orientation. 

{Embodiment 3} 

75 The overall structure and production method of the PDP of the present embodiment is the same as that of Em- 

bodiment 1 except that a gas including Ar or Kr, namely Ar-Xe, Kr-Xe, Ar-Ne-Xe, Ar-He-Xe, Kr-Ne-Xe, or kr-He-Xe gas 
is used as the discharge gas. 

By mixing Ar or Kr with the discharge gas, the panel brightness is further improved. The reason is considered that 
the ratio of ultraviolet light emission at 173nm increases further. 
20 Here, it is desirable that the amount of Xe is set to the range from 10 to 70% by volume since the driving voltage 

tends to rise if the amount exceeds 70% by volume. 

Also, forthree-element discharge gases such as Ar-Ne-Xe, Ar-He-Xe, Kr-Ne-Xe, and kr-He-Xe gases, it is desirable 
that the amount of Kr, Ar, He, or Ne should be in the range of 10 to 50% by volume. 

In the present embodiment, in forming a protecting layer, a method for evaporating a magnesium oxide with (110)- 
25 faco orientation onto the dielectrics glass layer with irradiation of ion or electron beam is used as well as the thermal 
CVD or plasma enhanced CVD method for forming magnesium oxide with (100)-face orientation as described in Em- 
bodiment 

1 . The method is described below. 

30 

<Method for Evaporating Alkaline Earth Oxide onto Dielectrics Glass Layer by Use of Ion or Electron Beam Irradiation 
to Form Protecting Layer> 

Fig.7 shows an ion/electron beam irradiating apparatus which is used for forming a protecting layer in the PDP of 
35 the present embodiment. 

The ion/electron beam irradiating apparatus includes vacuum chamber 45 to which glass substrate 41 with a 
dielectrics glass layer is attached. Vacuum chamber 45 also includes electron gun 42 for evaporating an alkaline earth 
oxide (in the present embodiment, magnesium oxide). 

Ion gun 43 irradiates ion beam to vapor of the alkaline earth oxide which has been evaporated by electron gun 
40 42. Electron gun 44 irradiates electron beam to vapor of the alkaline earth oxide evaporated by electron gun 42. 

The following description shows how to evaporate the alkaline earth oxide onto the dielectrics glass layer by irra- 
diating ion or electron beam to vapor using the ion/electron beam irradiating apparatus of the present invention. 

First, glass substrate 41 with a dielectrics glass layer is set in chamber 45 then crystals of an alkaline earth oxide 
are put in electron gun 42. 

4 $ Secondly, chamber 45 is evacuated then substrate 41 is heated (150°C). Electron gun 42 is used to evaporate 

the alkaline earth oxide. At the same time, ion gun 43 or electron gun 44 is used to irradiate argon ion or electron beam 

towards substrate 41 . It forms a protecting layer of an alkaline earth oxide. 

The crystals of the alkaline earth oxide grow slowly and a dense protecting layer consisting of an alkaline earth 

oxide with (110)-face orientation is formed when, as is described above, the alkaline earth oxide is evaporated onto 
50 the dielectrics glass layer by irradiation of the ion or electron beam. The formed protecting layer shows almost the 

same effects as the dense protecting layer of an alkaline earth oxide with (1 00)-face orientation formed in Embodiment 

1. 

<Examples 16-34> 

55 

Table 3 shows PDP Examples 16-34 which were made according to the present embodiment. Refer to "DIS- 
CHARGE GAS TYPE AND RATIO" column in the table for the discharge gas compositions, and "GAS CHARGING 
PRESSURE" column for charging pressures 
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methane Mg(C 1lHl9 0 2 ) 2 as the source w.th the thermal CVD method, and Examples 17 23 24 28 32 and 33 with 
the plasma enhanced CVD method ' ' J Wl,h 

{Embodiment 4} 

oxid,* oS" 9 " < " eC " 0d " 0 " ' ,0nl *" SUbS " 8K *"**• a <" ox*™*™, ox* ., an indium 

h„< IT^T'" 9 °' b " ! ""' m Calcium ° <lde ' s " < »"""" °*»- » >»n U m oxUa will, (lOOMac. ori.nt.lion 
da. almost Iho s=n„. aHecl. as lha magna.iam oxida with „00)-lae. oiianlallon totmed In EmS"'! 

<Examples 35-66> 

ox, «^Z^^ y TJZ™ e ZS~* M "** — - 

With the X-iay analysis of lha proieclng layais, i. was confirmad !hal oach Example had (,(»,*» o.iantatlon. 

<Reference> 

of E^X^f W ^ ^ " ^ Same ^ 38 EXamP ' eS 35 " 66 H0Wever ' the P rote ^g 'avers 

*nZ" 7°'."m had" Tn t '" 8 Pr °,'^"" 9 , ByS ' S ' " C0 "" ,med """ ™ 9 " es " m M " °'°< M «9 layers a Ex- 
S nnn?? <"1>-lace cremator,. II was also conll.mad thai magnesium oxide p.olacling law a Examolas 

:rCo~- ,he p,o,ee,in9 Bvsr oi ^ 68 is na - ~ 

.Experiment Measuring Ullravlolel Llghl Wa.elenglh and Panel Bnghmess {Initial Value), 

ExperimGnt Method 

were'ope^ P3ne ' b "^™ <™» — > were measured when they 

were operated on 1 50V of discharge maintenance voltage and 30KHz of frequency. 
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Results and Analysis 

As shown in Tables 1 -3, resonance lines of Xe with a wavelength of 147nm were mainly observed from examples 
7-9, showing low panel brightness (around 200cd/m 2 ), while molecular beams of Xe with a wavelength of 173nm were 
s mainly observed from examples 1-6 and 10-34, showing high panel brightness (around 400cd/m 2 or more). Of these, 
Examples 16-34 showed the highest panel brightness (around 500cd/m 2 or more). 

It is apparent from the above results that the panel brightness is improved by setting the amount of Xe in discharge 
gas to 10% by volume or more, charging pressure to SOOTorr or more and that the panel brightness is further improved 
by mixing Kr or Ar with the discharge gas. 
10 The panel brightness of example 15 is slightly lower than those of Examples 1-6 and 10-14. The reason is con- 

sidered that the protecting layer of Example 15 consisting of magnesium oxide with (111)-face orientation emits less 
secondary electron than that with (100)-face orientation. 

<Experiment 2: Measuring Change Rates of Panel Brightness and Discharge Maintenance vbltage> 

15 

Experiment Method 

For Examples 1-15 and 35-69, the change rates (change rates from respective initial values after 7,000 hours of 
operation) of panel brightness and discharge maintenance voltage were measured after they were operated for 7,000 
20 hours on 150V of discharge maintenance voltage and 30KHz of frequency. 

For Examples 16-34, the change rates of panel brightness and discharge maintenance voltage were measured 
after they were operated for 5,000 hours on 170V of discharge maintenance voltage and 30KHz of frequency. 

Results and Analysis 

25 

As shown in Tables 1 and 2, the panel brightness change rates of examples 1 -6 and 1 0-1 4 are smaller than those 
of examples 7-9. Also, as shown in Table 3, the change rates of panel brightness and discharge maintenance voltage 
of examples 16-34 were small as a whole. 

It is apparent from the above results that the panel brightness change rate reduces by setting the amount of Xe 
30 in discharge gas to 10% by volume or more, charging pressure to SOOTOrr or more 

The change rates of panel brightness and discharge maintenance voltage of examples 1 -1 4 are smaller than those 
of Example 15. The reason is considered that the protecting layer of magnesium oxide with (111)-face orientation has 
higher sputtering resistance and higher efficiency in protecting dielectrics glass layer than that with (100)-face orien- 
tation. 

35 As shown in Table 4, the change rates of panel brightness and discharge maintenance voltage of examples 35-66 

are little, and those of examples 67-69 great. 

The above results show that generally the protecting layer of alkaline earth oxide with (100)-face or (110)-face 

orientation formed with the thermal C VD method, plasma enhanced CVD method, or vapor deposition method with ion 

or electron beam irradiation has higher sputtering resistance and higher efficiency in protecting dielectrics glass layer 
40 than that with (111)-face orientation. Note that the results of example 67 show that the protecting layer consisting of 

alkaline earth oxide with (100)-face orientation formed with the sputtering method has high change rates of panel 

brightness and discharge maintenance voltage and low efficiency in protecting dielectrics glass layer. 

The reason for the above results is considered that for the alkaline earth oxide of the protecting layer which has 

been formed by the thermal CVD, plasma enhanced CVD, or a method of evaporating the oxide onto a layer by irra- 
45 diating ion or electron beam, the crystals grow slowly to form a dense protecting layer with (lOO)-face or (110)-face 

orientation; for the protecting layer formed by the sputtering method, the crystals do not grow slowly and the protecting 

layer does not become dense though it has (100)-face orientation. 

<Others> 

50 

- The values in Tables 1 -4 in "BUBBLER TEMPERATURE," "HEATING TEMPERATURE FOR GLASS SUBSTRATE, 
" "PANEL BAKING TEMPERATURE," "PRINTED LAYER THICKNESS/' "Ar GAS FLOW RATE," and "0 2 GAS 
FLOW RATE" were considered to be optimum for the respective alkaline earth sources. 

The results of the change rates of panel brightness and dielectrics maintenance voltage shown in Table 4 were 
55 obtained from PDPs with 5% by volume of Xe in discharge gas. However, the same results may be obtained from 

those with 1 0% by volume or more of Xe. 

In the above Embodiments, the back panel of the PDPs includes back glass substrate 1 5 with which partition walls 
17 are bonded. However, the present invention is not limited to such construction and may be applied to general 



11 



EP 0 779 643 A2 



AC PDPs such as those having partition walls attached to the front panel. 

Although the present invention has been fully described by way of examples with reference to the accompanying 
drawings. .1 is to be noted that various changes and modifications will be apparent to those skilled in the art Therefore 
unless such changes and modifications depart from the scope of the present invention, they should be construed as 
being included therein. 
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Claims 

1. A PDP comprising: 

a front cover plate which comprises a front glass substrate, a first electrode, and a dielectrics glass layer, 

wherein the first electrode and the dielectrics glass layer are formed on the front glass substrate; and 

a back plate which comprises a back glass substrate, a second electrode, and a fluorescent substance layer, 

wherein the second electrode and the fluorescent substance layer are formed on the back glass substrate, 

wherein the dielectrics glass layer and the fluorescent substance layer face to each other, wherein 

a plurality of discharge spaces are formed between a plurality of partition walls which are set between the 

front cover plate and the back plate : wherein a gas medium is charged in the plurality of discharge spaces, 

wherein 

the gas medium is a mixture of a plurality of rare gases, the gas medium including xenon in a range from 1 0% 
to less than 100% by volume, charging pressure of the gas medium ranging from 500 to 760Torr. 

2. The PDP of CLAIM 1 , wherein 

the gas medium includes at least one ol helium-xenon, neon-xenon, argon-xenon, krypton-xenon, argon- 
neon-xenon, argon-helium-xenon, krypton-neon-xenon, and krypton-helium-xenon. 

3. The PDP of CLAIM 2, wherein 

composition and charging pressure of the gas medium is set so that a main wavelength of ultraviolet light 
emitted from the gas medium at a discharge is an excitation wavelength by xenon molecular beam. 

4. The PDP of CLAIM 2, wherein 

the gas medium includes xenon in the range from 10 to 70% by volume. 

5. The PDP of CLAIM 4, wherein 

the gas medium includes argon in the range from 10 to 50% by volume and one of Ne and He in the range 
from 10 to 50% by volume. 

6. The PDP of CLAIM 4, wherein 

the gas medium includes Krypton in the range from 10 to 50% by volume and helium in the range from 10 
to 50% by volume. 

7. The PDP of CLAIM 1 , wherein 

the dielectrics glass layer is covered by a protecting layer of an alkaline earth oxide with one of (100) -face 
orientation and (110)-face orientation. 

8. The PDP of CLAIM 7, wherein 

the protecting layer is formed with one of a thermal Chemical Vapor Deposition method and a plasma Chem- 
ical Vapor Deposition method by using an alkaline earth organometallic compound and oxygen. 

9. The PDP of CLAIM 7, wherein 

the protecting layer is magnesium oxide with one of (100)-face orientation and (110)-1ace orientation. 

10. The PDP of CLAIM 7, wherein 

the protecting layer is formed with one of a thermal Chemical Vapor Deposition method and a plasma Chem- 
ical Vapor Deposition method by using a magnesium organometallic compound and oxygen. 

11. The PDP of CLAIM 9, wherein 

the protecting layer is formed by transferring a magnesium salt with plate-shaped crystals onto the dielectrics 
glass layer and by baking the magnesium salt on the dielectrics glass layer. 

12. A PDP comprising: 

a front cover plate which comprises a front glass substrate, a first electrode, and a dielectrics glass layer, 

wherein the first electrode and the dielectrics glass layer are formed on the front glass substrate; and 

a back plate which comprises a back glass substrate, a second electrode, and a fluorescent substance layer, 
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wherein the second electrode and the fluorescent substance layer are formed on the back glass substrate 
wherein the dielectrics glass layer and the fluorescent substance layer face to each other wherein 
a plurality of discharge spaces are formed between a plurality of partition walls which are set between the 
front cover plate and the back plate, wherein a gas medium is charged in each of the plurality of discharge 
spaces, wherein M 

the dielectrics glass layer is covered by a protecting layer of an alkaline earth oxide with one of (lOO)-face 
orientation and (1IO)-face orientation. 

13. The PDP of CLAIM 12, wherein 

the protecting layer is formed with one of a thermal Chemical Vapor Deposition method and a plasma Chem- 
ical Vapor Deposition method by using an alkaline earth organometallic compound and oxygen. 

14. The PDP of CLAIM 13, wherein 

the protecting layer is formed with one of a thermal Chemical Vapor Deposition method and a plasma Chem- 
ical Vapor Deposition method by using oxygen and one of an alkaline oarlh metal chelate compound and an alkaline 
earth cyclopentadienyl compound. 

15. The PDP of CLAIM 14, wherein 

the protecting layer is formed from a source, the source being one of M(C„H 19 0 2 ) 2 . M(C 5 H 7 0 2 ) 2 M 
(WWkfc. and M{C 5 Hs) 2 , wherein M represents one of magnesium Uoiyll.um calcium, strontium, and barium. 

16. A method of producing a PDP, the method comprising: 

a first step of forming a front cover plale by forming a firsl clccuodc iind ,-. dielectrics glass layer on a front 
glass substrate then forming a protecting layer of an alkal.nc c.irth oxide with one of (100)-face orientation 
and (110)-face orientation on the dielecrics glass layer; and 

a second step of forming a back plate by forming a second cloc.rodo nnd h fluorescent substance layer on a 
back glass substrate then bonding the front cover plate, on which the protecting layer has been formed with 
he back plate, and charging a gas medium into a plurality of discharge spaces which are formed between the 
front cover plate and the back plate, the front cover plate and the- back pinto facing to each other. 

17. The method of producing a PDP of CLAIM 16, wherein 

in the first step, the protecting layer is formed with one of a thermal Chemical Vapor Deposition method and 
a plasma Chemical Vapor Deposition method by using an alkaline earth organometallic compound and oxygen. 

18. The method of producing a PDP of CLAIM 17, wherein 

the alkaline earth organometallic compound used in the first step is one of an alkaline earth metal chelate 
compound and an alkaline earth cyclopentadienyl compound. 

19. The method of producing a PDP of CLAIM 18, wherein 

,r u J® a ' kaline earth or9anometallic compound used in the first step is one of M(C n H 19 0 2 ) 2 , MiCM^U M 
<o 5 H 5 h 3 0 2 ) 2 . and M(C S H 5 ) 2 , wherein M represents one of magnesium, beryllium, calcium, strontium, and barium 
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Fig. 5(a) 
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Fig. 6 
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Fig. 7 
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(54) Plasma display panel suitable for high-quality display and production method 



(57) The first object of the present invention is to 
provide a PDP with improved panel brightness which is 
achieved by improving the efficiency in conversion from 
discharge energy to visible rays. The second object of 
the present invention is to provide a PDP with improved 
panel life which is achieved by improving the protecting 
layer protecting the dielectrics glass layer. To achieve 
the first object the present invention sets the amount of 
xenon in the discharge gas to the range of 10% by vol- 
ume to less than 1 00% by volume, and sets the charging 
pressure for the discharge gas to the range of 500 to 
760Torr which is higher than conventional charging 
pressures. With such construction, the panel brightness 



increases. Also, to achieve the second object, the 
present invention has, on the surface of the dielectrics 
glass layer, a protecting layer consisting of an alkaline 
earth oxide with (100)-face or (110)-face orientation. 
The protecting layer, which may be formed by using 
thermal Chemical Vapor Deposition (CVD) method, 
plasma enhanced CVD method, or a vapor deposition 
method with irradiation of ion or electron beam, will have 
a high sputtering resistance and effectively protect the 
dielectrics glass layer. Such a protecting layer contrib- 
utes to the improvement of the panel life. 
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